We use the embedded-atom potential of Johnson to compute the length-distribution functions for a large number of fcc binary metallic alloys. From these distributions, we extract the mean lengths of the nearest-neighbor bonds, which compare well with recent extended x-ray-absorption fine-structure (EXAFS) experiments in Ni Aug . In other cases, where EXAFS results are not available, we compare our results with the mean lattice parameter as determined by diffraction experiments. While the embedded-atom potential is accurate for some alloys (e.g., Ni-Au), we show that for alloys containing Pt, a simple central-force model is superior. The embedded-atom potential of Johnson predicts an unexpected contraction of the Au-Au distance in Ag-rich Au-Ag alloys. We point out that an important characteristic of any alloy potential is its ability to get the single and double defects correct.
I. INTRODUCTION
In the last few years, the problem of length mismatch in alloys has received considerable attention both theoretically and experimentally.
Thorpe and co-workers have recently solved this problem analytically for alloys with equal harmonic spring interactions between nearestneighbor atoms, joined by bonds with different natural lengths. Experimentally, the development of extended xray-absorption fine-structure spectroscopy (EXAFS) has provided more information concerning the near-neighbor lengths in alloys. These lengths are of primary importance for a proper structural characterization and in understanding the deviations from Vegard's law, which states that the mean lattice parameter varies linearly with the composition. 3 From this point of view, the study of fcc binary metallic alloys is very interesting since for these compounds, the deviations from Vegard's law are much more significant than, for example, in semiconductors. 2 The development of the embedded-atom-method (EAM) potentials4 s which have given reliable results for the energies of pure metals, with and without impurities, and binary alloys, makes it possible to take into account, in a simple way, some of the electronic effects. The EAM potentials are, in general, fast to compute, allowing the use of very large supercells, which is important when trying to extract statistical information from random alloys. The version chosen for the present study is the Johnson EAM potential, developed recently and possessing two major advantages over other EAM potentials: (I) it is completely analytic and (2) it requires no additional parameters for the alloy once the parameters for the pure metals are fixed. The lack of additional alloy parameters has ultimately proved to be a problem for us, as there are no adjustable parameters to fit experiment. In this paper we show that the Johnson EAM potentials are remarkably good in some cases (e.g., Ni~Auz ) but quite unsatisfactory in others (e.g. , alloys containing Pt).
Deviations from Vegard' s law for metallic alloys have been known since the beginning of x-ray measurements more than 60 years ago. Until recently, however, Vegard's law was actually nothing more than an ad hoc assumption, 3 but it has been shown that Vegard's Fig. 6 . In Fig. 1 for Au-Ag, the EAM results agree extraordinarily well with diffraction data and are clearly superior to the CFM results. Because Au and Ag atoms have very similar sizes, we expected this case to be quite uninteresting as indeed the results are for the CFM. The experimental data show a minimum in the mean length at about z 0.4. Fournet, using an elastic sphere approximation, predicted that the deviation from Vegard's law should be maximum for very small length mismatch but gave no number and was working in the virtual crystal approximation. As seen in Fig. 1 Fig. 1 Fig. 4 show that the CFM is superior to the EAM in reproducing the diffraction data.
The CFM produces a very narrow range of mean lengths in this case with a minimal amount of bowing. The results of EAM and CFM are quite remarkably different in Ni-Ag as shown in Fig. 5 , giving bowing with opposite signs. There is no experimental data on Ni-Ag as it; phase separates.
In Fig. 6 But surprisingly, we found that the CFM (with no adjustable parameters) is in very good agreement with the mean experimental nearest-neighbor distance for all but one alloy for which the embedded-atom potential fails (see Table II ). In Figs. 8 and 9 , the simulations using the CFM and the diffraction results for the Pt-Ag, PtAu, Cu-Pt, and Ni-Pt are shown. There are small discrepancies for the ¹iPtalloy, although the curvature is negative, the same as in the experimental results. For Pd-Pt, shown in Fig. 4 , the CFM does not give better agreement with experiment than the EAM potential, Figure 11 shows the bond-length distribution for the CFM with alt the force constants equal and for the EAM potential. The CFM with equal spring constants can be solved exactly to give the result (15) for the widths, in agreement with the simulation results shown in Fig. 11 .
The widths for the three peaks for the CFM in Fig. 11 
